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A numerical method for the analysis of the 2D Helmholtz equation is presented, which incor-
porates Transparent-Influx Boundary Conditions into a variational formulation of the Helmholtz
problem. For rectangular geometries, the non-locality of those boundaries can be efficiently han-
dled by using Fourier decomposition. The Finite Element Method is used to discretise the interior
and the nonlocal Dirichlet-to-Neumann operators arising from the formulation of Transparent-Influx
Boundary Conditions.
Keywords: TIBCs, Dirichlet-to-Neumann operator, Helmholtz problems, FEM.
Usually, when numerically computing the solution of optical problems in an unbounded
domain, artificial boundaries are introduced to confine the infinite domain to a finite compu-
tational window. For reasons of efficiency, this window should be as small as possible. The
corresponding boundary conditions must be chosen such that the reflectionless propagation of
waves through this boundary can be modeled and that arbitrary influx can be prescribed. At
present, Perfectly Matched Layers (PMLs) are the most common approach [3]. The applica-
tion of this type of boundary condition requires additional computational time and memory.
Boundary integral methods, infinite element methods and non-reflecting (transparent) bound-
ary methods are also widely used. Our aim is to realize these Transparent Boundary Conditions
(TBCs) in the framework of FEM simulations. We use variants of the Dirichlet-to-Neumann
operator [1,2], which basically requires the solution of the exterior problem. The boundary
conditions for the confined variational formulation of the Helmholtz problem are obtained by
matching a representation of the external field in terms of Fourier decompositions to the un-
known internal field. The problem can then be solved by standard FEM discretization. The
properties of those boundary conditions depend only on the behaviour of the solution in the
exterior domain, such that the problem inside the computational window can be arbitrary
complex. These TBCs guarantee reflectionless propagation of waves through the boundary,
and are less expensive than PMLs as they contain no adjustable parameters and no artificial
layer of a specific thickness. We consider different types of Fourier representations of the field
in the exterior and show how this reduces the effects of the corner points.
FEM computation of a 2-D problem: A computational window of 16 µm × 16 µm surrounded by TIBCs. The plots show the
real part and absolute value of the field distribution. For TE polarized waves with a vacuum wavelength of 1 µm, a dielectric
rectangle (1 × 4 µm2) with refractive index n2 = 3.25 is placed at the center, surrounded by air. A centered Gaussian beam of
width 2 µm is lauched horizontally (left plots) or vertically, tilted at an angle of 150 .
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